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METHODS OF PREPARING GRAPHENE AND
DEVICE INCLUDING GRAPHENE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0132603, filed on Nov. 21,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1. Field

[0003] Example embodiments relate to methods of prepar-
ing graphene and a device including graphene.

[0004] 2. Description of the Related Art

[0005] Graphene has a hexagonal structure formed of car-
bon atoms and may have structural/chemical stability, and
exhibit desirable electrical and physical characteristics. For
example, graphene has a charge mobility of less than about
2x10° cm*/Vs which is more than 100 times faster than the
one of silicon and a current density of about 10® A/cm? which
is more than 100 times greater than the one of copper (Cu).
Also, graphene has transmittance and may exhibit quantum
characteristics at room temperature. Graphene is attracting
attention as a next generation material capable of overcoming
the limitations of related art materials.

[0006] However, preparing a device including graphene is
not easy in practice due to limitations in graphene prepara-
tion. Because a related art graphene transition method uses
expensive electron beam resist polymethylmethacrylate
(PMMA) equipment, the practicability of graphene is
reduced in terms of costs.

SUMMARY

[0007] Example embodiments provide a method of prepar-
ing graphene. Example embodiments also provide methods
of preparing a device including graphene.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of example
embodiments.

[0009] According to example embodiments, a method of
preparing graphene includes forming a silicon carbide thin
film on a substrate, forming a metal thin film on the silicon
carbide thin film, and forming a metal composite layer and
graphene on the substrate by heating the silicon carbide thin
film and the metal thin film.

[0010] The graphene may be formed between the substrate
and the metal composite layer. The silicon carbide thin film
and the metal thin film may be heated at a temperature in a
range of about 1000° C. to about 1100° C. for about 0.5 hour
to about 2 hours.

[0011] The metal thin film may include at least one of
palladium (Pd), copper (Cu), iron (Fe) and manganese (Mn).
The silicon carbide thin film may be one of polycrystalline
and amorphous.

[0012] The substrate may be formed of an insulation mate-
rial. The substrate may be formed of an oxide. The substrate
may include at least one of sapphire (Al,O;), lanthanum
aluminate (LaAlO,) and strontium titanium oxide (SrTiOj;).
[0013] The graphene may include a D-peak, a G-peak and
a 2D-peak. The silicon carbide thin film may have a same
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thickness as the metal thin film. Thicknesses of the silicon
carbide and the metal thin film may be about 1 nm to about 10
nm.

[0014] The silicon carbide thin film and the metal thin film
may be heated in a vacuum state. A vacuum degree of the
vacuum state may be in a range of about 10~* to about 107>
Torr.

[0015] The metal composite layer may be formed by bond-
ing silicon of the silicon carbide thin film and a metal of the
metal thin film. The graphene may be formed by bonding
carbons of the silicon carbide thin film. The method may
further include removing the metal composite layer.

[0016] According to example embodiments, a method of
fabricating a device includes forming a device including
graphene on a substrate by preparing the graphene in accor-
dance with example embodiments.

[0017] Forming the device may include patterning the
graphene. The device may be one of a display device and an
electronic device.

[0018] According to example embodiments, a method of
preparing graphene includes forming a metal composite layer
and graphene on an insulation substrate by heating a silicon
carbide thin film and a metal thin film in a vacuum state.
[0019] A vacuum degree of the vacuum state may be in the
range of about 10~ to about 10~> Torr. The silicon carbide
thin film and the metal thin film may be heated at a tempera-
ture ina range of about 1000° C. to about 1100° C. The silicon
carbide thin film and the metal thin film may be heated for
about 0.5 hour to about 2 hours. The insulation substrate may
include atleast one of sapphire (Al,0;), lanthanum aluminate
(LaAlO,) and strontium titanium oxide (SrTiOj;).

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects will become apparent
and more readily appreciated from the following description
of'the embodiments, taken in conjunction with the accompa-
nying drawings of which:

[0021] FIGS. 1A to 1E illustrate a method of preparing
graphene according to example embodiments;

[0022] FIG. 2 illustrates a result of Raman spectroscopic
analysis of a product according to example embodiments;
[0023] FIG. 3 illustrates a result of X-ray photoelectron
spectroscopic (XPS) analysis of a product according to
example embodiments; and

[0024] FIG. 4 illustrates a schematic diagram of a field
effect transistor (FET) including substrate type graphene.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. In the drawings, the thicknesses of layers and regions are
exaggerated for clarity. It will also be understood that when a
layer is referred to as being “on” another layer or substrate, it
can be directly on the other layer or substrate, or intervening
layers may also be present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of.”
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when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0026] Theterm “graphene” inthis disclosure indicates that
polycyclic aromatic molecules form a sheet in which a plu-
rality of carbon atoms in the polycyclic aromatic molecules
are interconnected with each other through covalent bonding.
The graphene is also distinguished from a carbon nanotube
having a cylindrical shape structure. The carbon atoms inter-
connected through the covalent bonding form a 6-membered
ring as a basic repetition unit and may further include a
5-membered ring and/or a 7-membered ring. Accordingly, the
graphene looks like a single layer of covalently bonded car-
bon atoms, normally sp® bonded. The graphene may be
formed of a single graphene layer or may be formed by
laminating a plurality of graphene layers up to a maximum of
300 layers. Normally a side end portion of the graphene is
saturated with hydrogen atoms.

[0027] TItwill be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of example embodiments.

[0028] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0029] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising”, “includes” and/or “including,” if used
herein, specity the presence of stated features, integers, steps,
operations, elements and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups
thereof.

[0030] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, example embodiments should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
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example, from manufacturing. For example, an implanted
region illustrated as a rectangle may have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of example embodi-
ments.

[0031] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly-used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0032] FIGS. 1A to 1E illustrate a method of preparing the
graphene.
[0033] Asillustrated in FIG. 1A, a substrate 10 is prepared.

The substrate 10 may be formed of an insulation material. For
example, the insulation material may be an insulation oxide
(e.g., sapphire (Al,0;)), lanthanum aluminate (LaAlO;), and
strontium titanium oxide (SrTiO;)). The thickness of the sub-
strate 10 may be under several mm. For example, the substrate
10 may have a thickness of about 1 mm to about 10 mm.
[0034] Asillustrated in FIG. 1B, asilicon carbide (SiC) thin
film 11 is formed on the substrate 10. The silicon carbide thin
film 11 may be deposited on the substrate 10 by using a
chemical vapor deposition (CVD) process. The silicon car-
bide thin film 11 may be deposited at room temperature.
Because the silicon carbide thin film 11 is deposited at a
relatively low temperature, for example, room temperature,
the deposited silicon carbide thin film 11 may be amorphous.
Alternatively, the silicon carbide thin film 11 may be poly-
crystalline. The thickness of the silicon carbide thin film 11
may be several nm. For example, the silicon carbide thin film
11 may have a thickness of 1 nm to 10 nm.

[0035] As illustrated in FIG. 1C, a metal thin film 12 is
formed on the silicon carbide thin film 11. The metal thin film
12 may be formed of a metal (e.g., palladium (Pd), Copper
(Cu), Iron (Fe), or Manganese (Mn)). The metal thin film 12
may be deposited by using a method, e.g., atomic layer depo-
sition (ALD), CVD or physical vapor deposition (PVD). The
deposition of the metal thin film 12 may be performed at room
temperature. The metal thin film 12 may be deposited uni-
formly on the silicon carbide thin film 11. Also, the metal thin
film 12 may be formed to have a same thickness as the silicon
carbide thin film 11. For example, the thickness of the metal
thin film 12 may be about 1 nm to about 10 nm.

[0036] As illustrated in FIG. 1D, the substrate 10 on which
the silicon carbide thin film 11 and the metal thin film 12 are
formed may be heated. The heat temperature may be in the
range of about 1000° C. to about 1100° C. The heat process
may be performed in a vacuum state. A vacuum degree of the
vacuum state may be several mTorr. For example, the vacuum
degree may be about 10™* Torr to about 10~> Torr. A heat
process duration may be formed about 30 minutes to about 2
hours, which may vary according to the thicknesses of the
silicon carbide thin film 11 and metal thin film 12.
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[0037] A heat source of the heat process may be induction
heating, radiation heating, a laser, infrared rays, plasma,
ultraviolet rays, or surface or plasmon heating, but is not
limited thereto. These heat sources may be attached to a
chamber (not shown) where the substrate 10, on which the
silicon carbide thin film 11 and the metal thin film 12 are
formed, is disposed and a temperature of the inside of the
chamber may be raised to a predetermined or given tempera-
ture.

[0038] The silicon in the silicon carbide thin film 11 is
separated from carbon, bonds to the metal in the metal thin
film 12, and forms a metal composite layer 14, which is a
metal-silicidation process. When the metal thin film is formed
of palladium (Pd), a material of the metal composite layer 14
is Pd,Si. When the metal thin film is formed of copper (Cu),
a material of the metal composite layer 14 is Cu,Si. When the
metal thin film is formed of iron (Fe), a material of the metal
composite layer 14 is Fe;Si. When the metal thin film is
formed of manganese (Mn), a material of the metal composite
layer 14 is Mn,Si.

[0039] The remaining carbons bond together to form
graphene layer 13. The graphene layer 13 may be formed
between the substrate 10 and the metal composite layer 14.
[0040] A resulting product obtained from the foregoing
heating process proceeds to a cooling process. The cooling
process causes the formed graphene layer 12 to grow uni-
formly and to be cooled at a speed of about 10° C. per minute
to about 100° C. per minute. In the cooling process, natural
cooling may be employed. For the natural cooling, stopping
an operation of a heat source or removing a heat source from
a reactor may be employed.

[0041] As illustrated in FIG. 1E, the graphene layer 13 on
the substrate 10 may be obtained by removing the metal
composite layer 14. The metal composite layer 14 may be
removed by etching.

[0042] Although the above described graphene preparation
processes may be performed in a single cycle, graphene hav-
ing a compact structure as well as many layers may also be
obtained by repeating the processes several times.

[0043] The crystallinity of the directly grown graphene on
the silicon carbide thin film may be measured by using Raman
spectroscopy. Normally the graphene may have a G-peak
around 1590 cm™" in the Raman spectrum, a D-peak around
1350 cm™, and a 2D-peak around 2700 cm ™.

[0044] The D-peak is caused by an internal defect of the
graphene, and is mainly observed around an edge of a sample
or in a case of many defects in the sample. Accordingly, when
an intensity of the D-peak is higher, the graphene may have
lots of defects and crystallinity thereof may be relatively low.
On the contrary, when the intensity of the D-peak is low, the
graphene may have a relatively low amount of defects and the
crystallinity thereof may be relatively high.

[0045] The G-peak and 2D-peak are commonly found in a
graphite material and are expressed due to interactions
between carbon atoms. In the Raman spectroscopy, the num-
ber of graphene layers may be distinguished by the 2D-peak
intensity over the G-peak intensity. Although there is little
difference according to a wavelength of a laser, when the
2D-peak intensity over the G-peak intensity is greater than 1,
there is normally one graphene layer. When the 2D-peak
intensity over the G-peak intensity is 1, there are two
graphene layers. When the 2D-peak intensity over the G-peak
intensity is smaller than 1, there are more than 3 graphene
layers. Therefore, the graphene layers may be distinguished

May 22, 2014

by using the 2D-peak shape. The quality and the thickness of
the graphene layer may be more easily determined by this
relatively easy non-destructive inspection using the Raman
spectroscopy. A ratio of 2D-peak intensity over the G-peak
intensity of the graphene grown according to example
embodiments may be more than 0.5.

[0046] In relation to FIGS. 1A to 1E, the metal thin film
may be formed after the silicon carbide thin film is formed on
the substrate, but the present inventive concepts are not lim-
ited thereto. The graphene may be prepared by forming the
metal thin film on the substrate, and then forming the silicon
carbide thin film and performing a heating process.

[0047] Hereinafter example embodiments will be
described in detail, but the present inventive concepts are not
limited thereto.

[0048] A silicon carbide thin film and a palladium thin film
were deposited to have the thickness of 5 nm respectively on
a sapphire substrate. The sapphire substrate on which the
silicon carbide thin film and the palladium thin film were
deposited was disposed in a furnace of which a vacuum
degree was about 107> Torr and heated at various tempera-
tures of about 950° C., about 1050° C. and about 1150° C. for
an hour to grow graphene.

[0049] FIG. 2 illustrates a result of Raman spectroscopic
analysis of the product prepared according to example
embodiments. Referring to FIG. 2, because a 2D-peak is
expressed around 2,700 cm™", the graphene exists. When the
heating temperature is about 950° C., all of a D-peak, a
G-peak and the 2D-peak appear. However, the 2D-peak inten-
sity is smaller than the G-peak intensity. When the heating
temperature is about 1050° C., the 2D-peak intensity
becomes greater. When the heating temperature is about
1150° C., the 2D-peak intensity reduces. Accordingly, the
graphene begins to grow at about 950° C., and the crystallin-
ity of the grown graphene lowers at more than about 1150° C.
Finally, the heating temperature for growing the graphene is
in a range of about 950° C. to about 1150° C., and a graphene
of'higher crystallinity may be obtained at a temperature range
of about 1000° C. to about 1100° C.

[0050] FIG. 3 illustrates a result of X-ray photoelectron
spectroscopic (XPS) analysis of'a product prepared according
to example embodiments. In general, the binding energy of
the graphene is about 285 eV, and the binding energy of the
silicon carbide is about 283. 5 eV. Regarding the product
heated at about 1050° C. and about 1150° C., only a peak is
found around 285 eV but a peak is not found around 283.5 eV.
On the contrary, regarding the product heated at about 950°
C., apeak s also found around 283.5 eV. Accordingly, silicon
carbide which does not react remains in the product heated at
about 950° C., and all the silicon carbide reacts and becomes
a metal composite in the graphene sample heated at about
1050° C. and about 1150° C.

[0051] As described above, because the graphene may be
grown from the silicon carbide thin film and metal of the
metal thin film on the substrate under a relatively high pres-
sure and a low temperature, preparation thereof is simplified.
[0052] The graphene prepared as described above may be
used to prepare a device to which the graphene is applied. For
example, the graphene may be patterned in a predetermined
or given shape and then various devices may be prepared
including the patterned graphene on a substrate.

[0053] Graphene may be usefully adopted as a transparent
electrode due to desirable conductivity and relatively high
film uniformity. In a solar cell, an electrode may be used on a
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substrate and the electrode may be transparent due to the
necessity of a light transmitting property. The graphene used
for the transparent electrode shows desirable conductivity.
When the graphene is used for a panel conductive thin film of
various display devices, desired conductivity may be
achieved even with a relatively small amount thereof, and
thus, light transmission may be improved.

[0054] The graphene may also be used for a channel for a
memory device, a sensor or electronic paper. Namely, the
graphene exists on an insulation layer, which is used as a gate
electrode of various transistors, for example, a field effect
transistor (FET).

[0055] The graphene may be also applied to a display
device employing the transparent electrode. The display
device may be an electronic paper display device, an organic
light emitting device or a liquid crystal display (LCD).
[0056] Among them, the organic light emitting device is an
active light emitting type display device which uses a phe-
nomenon whereby when a current is applied to a fluorescent
or phosphorous organic compound thin film, holes and elec-
trons combine to emit light. A general organic light emitting
field effect device has an anode formed on an upper surface of
a substrate, and a hole transport layer (HTL), a light emitting
layer, an electron transport layer (ETL) and a cathode are
sequentially formed on an upper surface of the anode. In order
to more easily inject the electrons and holes, an electron
injecting layer (EIL) and a hole injecting layer (HIL) may be
further included, and if necessary, a hole blocking layer
(HBL) and a buffer layer may be further included. The anode
is desirably made of a transparent material having desirable
conductivity and the graphene as described above may be
appropriate in this regard.

[0057] According to another implementation example, the
graphene may be used for various electronic devices, for
example, a sensor, a bipolar junction transistor (BJT), a FET,
a heterojunction bipolar transistor (HBT), a single electron
transistor (SET), a light emitting diode (LED), or an organic
field effect light emitting diode. In these devices, the
graphene may be used as a channel layer, an electrode or a
buffer layer between the electrode and the channel layer.
[0058] Anexample of'a FET is illustrated in FIG. 4. Refer-
ring to FIG. 4, a silica substrate 112 may be formed on a
substrate 111, a graphene 113 may be disposed on the silica
substrate 112 as a channel layer, a source electrode 114 and a
drain electrode 116 may be disposed on the left and right
sides, and a gate electrode 115 may be interposed between an
insulation layer 117. Here, a current flowing between the
source-drain electrodes 114 and 116 may be controlled by
applying a voltage to the gate electrode 115. Namely, the
graphene 113 forms a channel region and the transistor is
turned on or off by controlling the current flowing between
the source and drain electrodes 114 and 116 with the voltage
applied to the gate electrode 115.

[0059] Here, an interval between the source and drain elec-
trodes 114 and 116 is determined to be, for example, about 0.1
um to about 1 mm, about 1 pm to about 100 pum, or about 5 um
to about 100 um according to a use of a thin film transistor
(TFD).

[0060] In the transistor according to example embodi-
ments, a material of the insulation layer 117 is not particularly
limited, but has an electrical insulation property and is
capable of forming a thin film. The material may also be a
material having electrical resistivity of more than about 10
Qcm at room temperature, for example, a metal oxide includ-

May 22, 2014

ing silicon oxide, a metal nitride including silicon nitride, a
polymer, a low molecular organic compound, and may also
adopt an inorganic oxide film having higher relative permit-
tivity as an example.

[0061] The inorganic oxide may be silicon oxide, alumi-
num oxide, tantalum oxide, titanium oxide, tin oxide, vana-
dium oxide, barium strontium titanate, barium zirconate
titanate, lead zirconate titanate, lead lanthanum titanate,
strontium titanate, barium titanate, barium magnesium fluo-
ride, lanthanum oxide, fluorine oxide, magnesium oxide, bis-
muth oxide, bismuth titanate, niobium oxide, strontium bis-
muth titanate, strontium bismuth tantalate, tantalum
pentoxide, bismuth tantalate niobate, yttrium trioxide and
combinations thereof, for example, silicon oxide, aluminum
oxide, tantalum oxide and titanium oxide.

[0062] An inorganic nitride, for example, silicon nitride
(Si3N,, Si,N,, where x, y>0) or aluminum nitride, may also
be suitably used for the inorganic oxide.

[0063] The insulation layer may be formed of a precursor
including metal alkoxide by coating a substrate with a solu-
tion of this precursor, and performing a chemical solution
process including heating.

[0064] The metal in the metal alkoxide may be selected
from among a transition metal, lanthanoid or representative
element, and may be barium (Ba), strontium (Sr), titanium
(Ti), bismuth (Bi), tantalum (Ta), zirconium (Zr), iron (Fe),
Nickel (Ni), Manganese (Mn), lead (Pb), lanthanum (La),
lithium (L), sodium (Na), potassium (K), rubidium (Rb),
cesium (Cs), francium (Fr), beryllium (Be), magnesium
(Mg), calcium (Ca), niobium (Nb), thalium (TI), mercury
(Hg), copper (Cu), cobalt (Co), rhodium (Rh), scandium (Sc),
and/or yttrium (Y).

[0065] The alkoxide in the metal alkoxide may be derived
from alcohols including methanol, ethanol, propanol, isopro-
panol, butanol, and/or isobutanol, and alkoxy alcohols
including methoxy ethanol, ethoxy ethanol, propoxy ethanol,
butoxy ethanol, pentoxy ethanol, heptoxy ethanol, methoxy
propanol, ethoxy propanol, propoxy propanol, butoxy pro-
panol, pentoxy propanol, and/or heptoxy propanol.

[0066] When the insulation layer is formed of the above
described material according to example embodiments,
polarization in the insulation layer is more easily facilitated,
thereby reducing a threshold operation voltage of the transis-
tor. When the insulation layer is formed of silicon nitride
(e.g., Si3N,, Si,N,, SiON,, where x, y>0), among the mate-
rials, a depletion layer may be more easily formed and the
operation threshold voltage of the transistor may be further
reduced.

[0067] As the insulating layer using an organic compound,
polyimide, polyamide, polyester, polyacrylate, a photocur-
able resin of a photoradical polymer type or a photo cationic
polymer type, a copolymer containing an acrylonitrile com-
ponent, polyvinyl phenol, polyvinyl alcohol, a novolak resin,
and/or cyanoethyl pullulan may be used.

[0068] Inaddition, a wax, polyethylene, polychloropyrene,
polyethylene terephthalate, polyoxymethylene, polyvinyl
chloride, poly fluoro vinylidene, polymethylmethacrylate,
polysulfone, polycarbonate, polyimide cyanoethyl pullulan,
poly(vinyl phenol) (PVP), poly(methyl methacrylate)
(PMMA), polycarbonate (PC), polystyrene (PS), polyolefin,
polyacrylamide, poly(acrylic acid), a novolak resin, a resol
resin, polyimide, polyxylene, an epoxy resin, a polymer
material having a relatively high dielectricity (e.g., pullulan)
may be used.
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[0069] The insulation layer may be a mixed layer using
inorganic or organic compound materials or a laminated
structure thereof. In example embodiments, performance of
the device may be controlled by mixing or laminating mate-
rials having relatively high permittivity and relatively high
water repellency.

[0070] As a method of forming the insulating layer, a dry
process, for example, a vacuum deposition, molecular beam
epitaxial growth, ion cluster beam deposition, a low energy
ion beam method, ion plating, CVD, sputtering, an atmo-
spheric plasma method, etc., a coating method such as spray
coating, spin coating, blade coating, dip coating, casting coat-
ing, roll coating, bar coating, or dye coating, or a wet process,
for example, print-patterning or inkjet-patterning, may be
used according to the material. As the wet process, a method
in which a solution is coated and then dried may be used. The
solution may be made from fine particles of an inorganic
oxide which are dispersed in any organic solvent or in water
using dispersion aids, for example, a surfactant, if necessary.
Alternatively, a so-called sol-gel method in which a precursor
of an oxide, for example, an alkoxide solution, is coated and
dried may be used.

[0071] A metal atom layer and/or a metal ion layer may be
further formed between the graphene layer, which is a semi-
conductor layer, and the insulation layer. The metal atom
layer may include Zn, Al, Ga, Zr, Ni, Co, Pd or any mixtures
thereof. The metal ion layer may include Zn, Al, Ga, Zr, Ni,
Co, Pd or any mixtures thereof, which may exist as a metal
salt type. As a corresponding ion to the metal salt, halogen,
(COOH)~, (NO3)>", (S04)*", and/or (CO3)*~ may be used.
The metal atom layer or the metal ion layer may have a
thickness such that the metal atoms or the metal ions are
laminated in 1 to 3 layers.

[0072] The metal atom layer or the metal ion layer may be
formed by using a method known in the art, for example, adry
process, for example, vacuum deposition, molecular beam
epitaxial growth, ion cluster beam deposition, a low energy
ion beam method, ion plating, CVD, sputtering, or an atmo-
spheric plasma method, a coating method, for example, spray
coating, spin coating, blade coating, dip coating, casting coat-
ing, roll coating, bar coating, or dye coating, or a wet process,
for example, print-patterning or inkjet-patterning, according
to the material, but is not limited thereto.

[0073] A substratein the transistor, for example, inthe TFT,
supports the TFT structure. As a material of the substrate, an
inorganic compound, for example, a metal oxide or a nitride,
a plastic film, for example, PET, PES, PC, or a metal sub-
strate, or composite or laminate thereof may be used. In
addition, when another component other than the substrate
may sufficiently support the TFT structure, the substrate may
be removed. As a material of the substrate, a silicon (Si) wafer
may be used in many cases. In example embodiments, Si
itself may be used as a gate electrode and the substrate. It is
also possible to oxidize a surface of Si to form SiO,, and then
adopt the same for the insulation layer. In example embodi-
ments, a metal layer (e.g., Au) is formed as a lead line con-
nection electrode on the Si substrate, thus forming the sub-
strate and the gate electrode.

[0074] In the transistor according to example embodi-
ments, materials for a gate electrode, a source electrode and a
drain electrode are not limited so long as they are a conductive
material. The materials may be platinum, gold, silver, nickel,
chromium, copper, iron, tin, antimony, lead, tantalum,
indium, palladium, tellurium, rhenium, iridium, aluminum,
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ruthenium, germanium, molybdenum, tungsten, lead anti-
mony, indium-tin oxide (ITO), fluorine doped zinc oxide,
zine, carbon, graphite, glassy carbon, silver paste, carbon
paste, lithium, beryllium, sodium, magnesium, potassium,
calcium, scandium, titanium, manganese, zirconium, gal-
lium, niobium, sodium-potassium alloy, a magnesium/copper
mixture, a magnesium/silver mixture, a magnesium/alumi-
num mixture, a magnesium/indium mixture, an aluminum/
aluminum oxide mixture, and/or a lithium/aluminum mix-
ture. When using these materials, the electrode may be
formed by forming a film using a sputter method or a vacuum
deposition method.

[0075] In the transistor according to example embodi-
ments, the source and drain electrodes may be formed of an
electrode material having liquidity, for example, a solution
including the above-described conductive material, a paste,
an ink, and/or a dispersion solution. As a dispersion material
including metal fine particles, a known conductive paste may
be used. The dispersion material may include metal fine par-
ticles having a particle diameter of about 0.5 nm to about 50
nm or about 1 nm to about 10 nm. The metal fine particles may
be formed of platinum, silver, nickel, chromium, copper, iron,
tin, lead antimony, tantalum, indium, palladium, tellurium,
rhenium, iridium, aluminum, ruthenium, germanium, molyb-
denum, tungsten and/or zinc.

[0076] The electrode may be formed using a dispersion in
which the metal fine particles are dispersed in water or in a
dispersion medium of any organic solvent using a dispersion
stabilizer which mainly includes organic materials. The dis-
persion including the metal fine particles may be prepared by
using a physical generation method, for example, a sputtering
method or metal vapor synthesis, or a chemical generation
method, for example, a colloidal method or co-precipitation,
which generates the metal fine particles by reducing metal
ions in a liquid phase.

[0077] An electrode pattern having a desired shape may be
formed by molding the electrode using the metal fine particle
dispersion, drying the solvent at a temperature in the range of
about 100° C. to about 300° C., for example, about 150° C. to
about 200° C., if necessary, and then thermally bonding the
metal fine particles.

[0078] As a material of the gate electrode, the source elec-
trode and the drain electrode, a known conductive polymer
whose conductivity is improved by doping may be used. For
example, conductive polyaniline, conductive polypyrrole,
conductive polythiophene (a complex of polyethylenediox-
ythiophene and polystyrene sulfinic acid), a complex of poly-
ethylenedioxythiophene (PEDOT) and polystyrene sulfonic
acid may be used, as appropriate. Due to these materials,
contact resistance between the source and drain electrodes
and the semiconductor layer may be reduced.

[0079] As a material for forming the source and drain elec-
trodes, a material, from among the above described materials,
having a smaller electrical resistance in a surface contacting
the semiconductor layer, may be used. The electrical resis-
tance corresponds to field-effect mobility when a current-
controlled device is prepared. Accordingly a material having
a resistance as small as possible is desirable or necessary in
order to obtain relatively high mobility.

[0080] Theelectrode may be formed by, for example, depo-
sition, electron beam deposition, sputtering, atmospheric
plasma treatment, ion plating, CVD, electro-deposition, elec-
troless plating, spin coating, printing or ink-jetting. If neces-
sary, patterning is performed by forming the electrode from
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the conductive thin film formed by the above described
method through a known photolithography or lifting-off
method, and forming a resist by heat transfer on a metal thin
film of aluminum or copper and ink-jetting, and etching the
resist.

[0081] In addition, patterning may be performed by
directly ink-jetting a conductive polymer solution, a conduc-
tive polymer dispersion or a dispersion including metal fine
particles or by lithography or laser-polishing the application
film. Another patterning method of printing conductive ink or
a conductive paste which includes a conductive polymer or
metal fine particles by relief printing, intaglio printing, litho-
graphic printing or screen printing may also be used.

[0082] A thickness of a film formed in this way is in the
range of, for example, about 0.2 nm to about 10 um or about
4 nm to about 400 nm when a current flows, but is not limited
thereto. Within this range, a voltage drop does not occur
because the resistance increases as the thickness decreases.
[0083] In the transistor according to example embodi-
ments, a buffer layer may be formed between the semicon-
ductor layer and the source and drain electrodes for the pur-
pose of enhancing an injection efficiency. As the bufter layer,
an alkali metal, for example, LiF, Li,0, CsF, NaCO;, KCl,
MgF,, or CaCO;, which is used to form a cathode in an
organic electroluminescent (EL)) device, or a composite hav-
ing an ionic bond with an alkaline earth metal, may be used
with respect to an n-type TFT. In addition, as an EIL or an
ETL in the organic EL device, a compound such as Alq(tris
(8-quinolinol) aluminum complex) may be used.

[0084] The buffer layer may have an effect of lowering a
threshold voltage by lowering a carrier injection barrier and
driving the transistor using a relatively low voltage. The
buffer layer may be thinly interposed between the electrodes
and the semiconductor layer and the thickness thereof may be
in the range of about 0.1 nm to about 30 nm or about 0.3 nm
to about 20 nm.

[0085] When a light emitting device is electrically con-
nected to the TFT, the light emitting device may be controlled
by using a current flowing between the source-drain elec-
trodes. The TFT may be included in a flat panel display
device.

[0086] As described above, according to example embodi-
ments, because the graphene is directly formed on the insu-
lation substrate, a latch-up effect does not occur even though
a device including the graphene is formed. Because the
graphene is formed by heating the silicon carbide thin film
and the metal thin film in a vacuum state, preparation of the
graphene is simplified. In addition, because the graphene is
directly grown on an insulation substrate, and the insulation
substrate on which the graphene is formed is directly applied
to a device, preparation of the device including the graphene
is simplified.

[0087] It should be understood that example embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other example embodiments.

What is claimed is:
1. A method of preparing graphene comprising:
forming a silicon carbide thin film on a substrate;

forming a metal thin film on the silicon carbide thin film;
and
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forming a metal composite layer and graphene on the sub-
strate by heating the silicon carbide thin film and the
metal thin film.

2. The method according to claim 1, wherein the forming
graphene forms the graphene between the substrate and the
metal composite layer.

3. The method according to claim 1, wherein the forming a
metal composite layer and graphene includes heating the
silicon carbide thin film and the metal thin film at a tempera-
ture in a range of about 1000° C. to about 1100° C.

4. The method according to claim 1, wherein the forming a
metal composite layer and graphene includes heating the
silicon carbide thin film and the metal thin film for about 0.5
hour to about 2 hours.

5. The method according to claim 1, wherein the forming a
metal thin film forms at least one of palladium (Pd), copper
(Cu), iron (Fe) and manganese (Mn).

6. The method according to claim 1, wherein the forming a
silicon carbide thin film forms one of a polycrystalline silicon
carbide thin film and an amorphous silicon carbide thin film.

7. The method according to claim 1, wherein the substrate
is formed of an insulation material.

8. The method according to claim 1, wherein the substrate
is formed of an oxide.

9. The method according to claim 1, wherein the substrate
includes at least one of sapphire (Al,O;), lanthanum alumi-
nate (LaAlO;) and strontium titanium oxide (SrTiOy).

10. The method according to claim 1, wherein the forming
graphene includes forming the graphene having a D-peak, a
G-peak and a 2D-peak.

11. The method according to claim 1, wherein the forming
a metal thin film forms the metal thin film to have a same
thickness as the silicon carbide thin film.

12. The method according to claim 11, wherein the thick-
nesses of the silicon carbide thin film and the metal thin film
are about 1 nm to about 10 nm.

13. The method according to claim 1, wherein the forming
a metal composite layer and graphene includes heating the
silicon carbide thin film and the metal thin film in a vacuum
state.

14. The method according to claim 13, wherein a vacuum
degree of the vacuum state is in the range of about 10~* to
about 10~ Torr.

15. The method according to claim 1, wherein the forming
a metal composite layer includes bonding silicon of the sili-
con carbide thin film and a metal of the metal thin film.

16. The method according to claim 1, wherein the forming
a graphene includes bonding carbons of the silicon carbide
thin film.

17. The method according to claim 1, further comprising:

removing the metal composite layer.

18. A method of fabricating a device, the method compris-
ing:

forming a device including graphene on a substrate by

preparing the graphene in accordance with claim 1.

19. The method according to claim 18, wherein the forming
a device further comprises patterning the graphene.

20. The method according to claim 18, wherein the forming

a device includes forming one of a display device and an
electronic device.



US 2014/0141600 A1 May 22,2014

21. A method of preparing graphene comprising forming a
metal composite layer and graphene on an insulation sub-
strate by heating a silicon carbide thin film and a metal thin
film in a vacuum state.
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